Experimental method
The GMR structure of MgO (001) were prepared with an ultra-high vacuum (UHV) magnetron sputtering system. The MgO substrate was annealed at 600℃ to remove surface contaminates. The Cr/Ag buffer layer and the bottom Co 2 Fe x Mn 1-x Si layer were deposited at room temperature (RT). After the deposition of the Co 2 Fe x Mn 1-x Si layer, the film was annealed at T a = 300-500℃ to improve the chemical ordering and surface flatness. The Ag spacer layer and the upper Co 2 Fe x Mn 1-x Si layer were also deposited at RT, and the films were annealed at 450℃ after the deposition of the upper Co 2 Fe x Mn 1-x Si layer. The capping layer of Ag/Ru was prepared in order to prevent oxidation. The crystal structure of prepared films was characterized by X-ray diffraction (XRD) and dark-field scanning transmission electron microscopy (STEM). STEM measurement was carried out by Toray Research Center (TRC). The deposited films were patterned into pillars for CPP-type four terminal device structures using electron beam (EB) lithography and Ar ion milling. The size of the pillars in the substrate was varied from 0.0145 to 0.132 m 2 . The pillars were insulated using SiO 2 insulating layers. The MR characteristics were measured at RT by using the DC four-terminal method by applying a magnetic field along the magnetic easy axis of both Co 2 Fe x Mn 1-x Si layers.
Experimental results and discussion
Figure 1 Figure 1(b) shows the -scan profile of the (111) peak, which is a superlattice peak for the L2 1 ordering. We clearly observed four-fold peaks of (111) and found that the fabricated films were epitaxially grown and had an L2 1 ordered structure. -1 4 4 6 -E x t e n d e d A b s t r a c t s o f t h e 2 0 1 1 I n t e r n a t i o n a l C o n f e r e n c e o n S o l i d S t a t e D e v i c e s a n d M a t e r i a l s , N a g o y a , 2 0 1 1 , p p 1 4 4 6 -1 4 4 7   N -6 -2 addition, we can easily distinguish the Co, Fe and Mn from the Si atoms, since the image contrast is roughly proportional to the square of the atomic number [11] . The STEM image indicates that the Co 2 Fe 0.4 Mn 0.6 Si layer has an L2 1 ordered structure. This result is consistent with the XRD results.
We investigated the annealing temperature dependence of MR ratio in the CPP-GMR devices with 5-nm-thick Co 2 Fe x Mn 1-x Si (x = 0.0, 0.4, 1.0) upper electrodes. Maximum MR ratios for each Co 2 Fe x Mn 1-x Si compositions were 31.6%(x = 0.0)，37.1%(x = 0.4) and 36.2%(x = 1.0). The behavior that the large MR was observed for Co 2 Fe 0.4 Mn 0.6 Si electrodes is similar to that in MTJs [10] . Figure 3 shows the MR curve for the CPP-GMR device with a 3-nm-thick Co 2 Fe 0.4 Mn 0.6 Si upper electrode. The maximum MR ratio was 50.1%. This is the highest value to date for CPP-GMR devices. The observed large MR ratio is originated from the large RA value of 55.8 mm 
